Design Considerations, Installation and Operation of the Two-Stage Parallel Flow Absorption Chiller by Hufford, P. E.
DESIGN CONSIDERATIONS. INSTALLATION AND OPERATION OF THE TWO-STAGE 
PARALLEL FLOW ABSORPTION CHILLER 
PAUL E. HUFFORD 
Paul  E. Hufford h A s s o c i a t e s  
Kingwood, Texas 
ABSTRACT 
Thls  p r e s e n t a t i o n  d e s c r i b e s  the  a c t u a l  d e s i g n  c o n s i d e r a t i o n  and f i e l d  o p e r a t i o n  e x p e r i e n c e  of two-stage 
p a r a l l e l  flow a b s o r p t i o n  c h i l l e r s .  The a p p l i c a t i o n s  i n c l u d e  new c o n s t r u c t i o n ,  r e h a b i l i t a t i o n  of  o l d  HVAC 
systems, cogenera t ion ,  and i n d u s t r i a l  p r o c e s s  h e a t  recovery.  
The high performance (COP = 1.14) ,  and reduced maintenance c o s t  of t h e  two-stage p a r a l l e l  f low a b s o r p t i o n  
c h i l l e r  provides a  n o t a b l e  improvement over  t h e  c o n v e n t i o n a l  s i n g l e  s t a g e  a b s o r p t i o n  c h i l l e r s  (COP = . 6 ) .  The 
infamous r e p u t a t i o n  of t h e  s i n g l e  s t a g e  a b s o r p t i o n  c h i l l e r  f o r  c r y s t a l l i z a t i o n ,  poor mechanical  performance, 
and g e n e r a l  u n r e l i a b i l i t y  h a s  been completely n e u t r a l i z e d  by new d e s i g n  concepts  i n c o r p o r a t e d  i n  t h e  two-stage 
p a r a l l e l  flow a b s o r p t i o n  c h i l l e r l h e a t e r .  The e a s e  of maintenance and v i r t u a l  e l i m i n a t i o n  of  c r y s t a l l i z a t i o n  
has v a s t l y  improved c h i l l e d  wate r  p roduc t ion  and mechanical  l o n g e v i t y .  
The two-stage p a r a l l e l  flow a b s o r p t i o n  c h i l l e r  is a d a p t a b l e  t o  v a r i o u s  h e a t  s o u r c e s  i n c l u d i n g  d i r e c t  
f i r e d  mul t i - fue l ,  s team, exhaus t ,  h o t  wate r ,  thermal  f l u i d s .  e t c .  T h i s  makes t h i s  c h i l l e r  a  worthy con- 
s i d e r a t i o n  a s  an a l t e r n a t e  t o  e l e c t r i c a l l y  d r i v e n  r e f r i g e r a t i o n .  
The two-stage p a r a l l e l  f low a b s o r p t i o n  c h i l l e r  h a s  been o p e r a t i n g  i n  t h e  United S t a t e s  s i n c e  1979 and 
t h e r e  is  p r e s e n t l y  over 24,000 t o n s  of i n s t a l l e d  c a p a c i t y  on l i n e .  I n s t a l l a t i o n s  i n c l u d e  o f f i c e  b u i l d i n g s ,  
h o s p i t a l s .  computer c e n t e r s ,  i n d u s t r i a l  p rocess  wate r  and o t h e r s .  
INTRODUCTION 
When f u e l  was cheap  and p l e n t i f u l  p r i o r  t o  1973. 
absorp t ion  a i r  c o n d i t i o n i n g  r e p r e s e n t e d  40% of  t h e  
l a r g e  tonnage (100 tons  and up) market i n  t h e  United 
S t a t e s .  A s  t h e  c o s t  of f o s s i l  f u e l  i n c r e a s e d ,  t h e  
o p e r a t i n g  economy of  t h e s e  r e l a t i v e l y  i n e f f i c i e n t  
s i n g l e  s t a g e  a b s o r p t i o n  c h i l l e r s  decreased u n t i l  
most of them have now been r e p l a c e d  by o t h e r  equip- 
ment. 
two-stage p a r a l l e l  f low a b s o r p t i o n  c h i l l e r s  which is 
approximately 11,000 Btu 's  p e r  t o n  o r  a  g r o s s  sav- 
i n g s  of over  50%. The c o e f f i c i e n t  of  performance 
(COP) f o r  t h e  two-stage p a r a l l e l  f low c h i l l e r s  
v a r i e s  from 1.21 f o r  t h e  h i g h  e f f i c i e n t y  s team mod- 
e l s ,  down t o  1.1 f o r  t h e  d i r e c t  f i r e d  models. 
The l i t h i u m  bromide r e a c t i o n  i n  bo th  t h e  o l d e r  
s i n g l e  s t a g e  c h i l l e r  and t h e  new two-s t age  p a r a l l e l  
f low c h i l l e r  i s  t h e  same. The l i t h i u m  bromide h a s  a  
lower s a t u r a t e d  vapor than t h e  r e f r i g e r a n t  (water)  
a t  a  lower temperature than  i t s e l f .  T h i s  i n t e r -  
a c t i o n  i s  c a l l e d  "hygroscopic a t t r a c t i o n . "  The 
l i t h i u m  bromide l i t e r a l l y  a b s o r b s  t h e  c o o l  wate r  
vapor: t h e r e f o r e  t h e  name a b s o r p t i o n  c h i l l e r .  
Absorpt ion c h i l l e r s  today r e p r e s e n t  l e s s  than  
10% of  t h e  market i n  t h e  United S t a t e s  b u t  i n  Japan.  
absorbers  en joy  over  70% of t h e  l a r g e  tonnage market. 
I n  t h e  two-stage p a r a l l e l  f low c h i l l e r ,  primary 
h e a t  i s  a p p l i e d  to t h e  f i r s t  s t a g e  g e n e r a t o r  (Fig.  
Zone 21, t o  b r i n g  t h e  tempera ture  of t h e  d i - l u t e d  
l i t h i u m  bromide s o l u t i o n  up t o  approximately 300 
degrees  F. a t  which p o i n t  t h e  r e f r i g e r a n t  vapor  
(water)  is d r i v e n  o f f  a t  a tempera ture  of  approxi-  
mately 195 d e g r e e s  F. The h i g h  tempera ture  wate r  
vapor  is then  d i r e c t e d  t o  t h e  second s t a g e  0 5  t h e  
c h i l l e r  where i t  i s  cooled and condensed (Fig. Zone 
3). The l a t e n t  h e a t  of  v a p o r i z a t i o n  from t h e  re- 
f r i g e r a n t  vapor  a s  w e l l  a s  t h e  s e n s i b l e  h e a t  is 
absorbed i n  t h e  second s t a g e  of t h e  c h i l l e r .  The 
h o t  w a t e r  vapor  g i v e n  o f f  from t h e  second s t a g e  i s  
then condensed by c o o l i n g  tower wate r  f lowing  
through t h e  condenser  tubes  (Fig. Zone 4 ) ,  and 
mixes w i t h  t h e  cooled condensa te  from t h e  f i r s t  
s t a g e .  
The condensed r e f r i g e r a n t  now a t  approximately 
105 degrees  F. f lows from t h e  condenser  s e c t i o n  of 
t h e  c h f l l e r  through an expansion v a l v e  and i n t o  t h e  
e v a p o r a t o r  s e c t i o n  a t  a  t empera ture  of 39 degrees  F. 
The r e f r i g e r a n t  pump c i r c u l a t e s  t h e  c h i l l e d  r e f r i g -  
e r a n t  through s p e c i a l l y  des igned  s p r a y  n o z z l e s  over  
t h e  e v a p o r a t o r  tubes  (Fig. Zone 6) .  The system h e a t  
i s  absorbed from t h e  e v a p o r a t o r  tubes  and i n c r e a s e s  
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f  t h e  r e f r i g e r a n t  caus ing  vaporization..  
e  meantime, t h e  concent ra ted  l i t h i u m  bro- 
. - . -. . . -  . - . - 
t h e  h e a t  o  
I n  t h  
mide s o l u t i o n  from t n e  r l r s t  ana secona scage  gen- 
e r a t o r s  h a s  been passed through a h e a t  exchanger 
(Fig.  Zone 1 ) .  t o  lower t h e  temperature and then 
passed through spray  n o z z l e s  over  t h e  a b s o r p t i o n  
c o i l s  (Fig. Zone 6) .  The cooled l i t h i u m  bromide 
absorbs t h e  water  vapor  coming from t h e  evapora tor  
s e c t i o n ,  becomes d i l u t e d ,  and i s    to red i n  i t s  
d i l u t e d  s t a g e  i n  a  r e s e r v o i r  a t  t h e  bottom of t h e  
c h i l l e r  s h e l l .  
A s i g n i f i c a n t  c o n t r i b u t o r  t o  t h e  e f f i c i e n c y  of 
t h e  two-stage p a r a l l e l  f low c h i l l e r  is t h e  two sec- 
t i o n  counte r  flow h e a t  exchanger. One s e c t i o n  f lows 
s o l u t i o n  t o  and from t h e  f i r s t  s t a g e  g e n e r a t o r  whi le  
a  s e p a r a t e  y e t  cont iguous s e c t i o n  f lows s o l u t i o n  t o  
and from t h e  second s t a g e  genera tor .  The cooled 
d i l u t e d  s o l u t i o n  from t h e  absorber  s e c t i o n  of t h e  
c h i l l e r  is  passed i n  a  counte r  d i r e c t i o n  t o  t h e  ho t  
concent ra ted  s o l u t i o n  coming from t h e  f i r s t  and 
second s t a g e  genera tors .  This  p r e h e a t s  t h e  d i l u t e d  
s o l u t i o n  p r i o r  t o  i ts  be ing  pumped i n t o  t h e  f i r s t  
and second s t a g e  genera tor .  The ho t  concent ra ted  
s o l u t i o n  from t h e  g e n e r a t o r  is cooled by t h e  d i l u t e d  
s o l u t i o n  b e f o r e  be ing  d i r e c t e d  i n t o  t h e  absorber  
s e c t i o n  of t h e  c h i l l e r  f o r  f i n a l  c o o l i n g  and d i l u -  
t ion .  The counte r  f low h e a t  exchanger is f a b r i c a t e d  
by having tubes con ta in ing  t h e  h o t  concent ra ted  
s o l u t i o n  run i n s i d e  of t h e  tubes  c a r r y i n g  t h e  c o a l e r  
d i l u t e d  s o l u t i o n  i n  t h e  o p p o s i t e  d i r e c t i o n .  The 
maximum e f f i c i e n c y  of t h e  counte r  f l o v  h e a t  ex- 
changer approaches 100% a s  opposed t o  a  maximum 
e f f i c i e n c y  of  t h e  convent iona l  c r o s s  o r  counte r  f low 
h e a t  exchanger of only 60%. These s h e l l  and tube 
c r o s s  and counte r  f low h e a t  exchangers  a r e  commonly 
used on t h e  s i n g l e  s t a g e  absorbers .  Because t h e  
s o l u t i o n  pump d i r e c t s  t h e  d i l u t e d  s o l u t i o n  i n t o  bo th  
t h e  f i r s t  s t a g e  and second s t a g e  s imultaneously.  t h e  
name PARALLEL FLOW h a s  been used. 
Because of  t h e  p a r a l l e l  f low and t h e  o t h e r  
s i g n i f i c a n t  e f f i c i e n c i e s  i n  t h e  c h i l l e r  s h e l l  it- 
s e l f ,  t h e  two-stage p a r a l l e l  f low c h i l l e r  i s  design- 
ed t o  o p e r a t e  s i g n i f i c a n t l y  a p a r t  from t h e  c r y s t a l -  
l i z a t i o n  curve f o r  l i t h i u m  bromide. T h i s  o p e r a t i o n a l  
des ign  v i r t u a l l y  e l i m i n a t e s  c r y s t a l l i z a t i o n  problems 
which have plagued e a r l i e r  s i n g l e  s t a g e  c h i l l e r s  a s  
w e l l  a s  t h e  more r e c e n t  s e r i e s  f low two-stage absorp- 
t i o n  c h i l l e r .  
D E S I G N  AND INSTALLATION 
The two-stage p a r a l l e l  f l o v  a b s o r p t i o n  c h i l l e r  
has  been s p e c i f i c a l l y  designed t o  t a k e  advantage o f  
a l l  of t h e  p o s i t i v e  a t t r i b u t e s  of  a b s o r p t i o n  a i r  con- 
d i t i o n i n g  w h i l e  e l i m i n a t i n g  o r  minimizing p a s t  prob- 
lems. The most s i g n i f i c a n t  d i f f e r e n c e  is t h e  e f f i c -  
i ency  of t h e  new two-stage p a r a l l e l  f low a b s o r p t i o n  
c h i l l e r .  With COP'S ranging  up t o  1.21, a  g r e a t  
d e a l  of  economic a s  w e l l  a s  energy r e s o u r c e s  can be  
saved. 
The energy o r  f u e l  i n p u t  t o  t h e  two-stage 
p a r a l l e l  f low c h i l l e r  can v a r y  widely. The most 
p r e v a l e n t  model is  t h e  d i r e c t  f i r e d  conf igura t ion .  
This  c o n f i g u r a t i o n  u t i l i z e s  a  mul t i - fue l ,  low excess  
a i r  burner  which can u t i l i z e  most gaseous f u e l s ,  b u t  
p r i m a r i l y  n a t u r a l  gas ,  a s  w e l l  a s  a l t e r n a t e  l i q u i d  
f u e l s  up t o  and i n c l u d i n g  82 furnace  o i l .  T h i s  means 
t h a t  i n  c a s e s  where emergency a i r  c o n d i t i o n i n g  may 
be  r e q u i r e d ,  t h e  c h i l l e r  can o p e r a t e  on t h e  same 
emergency f u e l  used f o r  t h e  emergency g e n e r a t o r .  
Th is  i s  c e r t a i n l y  e c o n s i d e r a t i o n  f o r  computer i n s t a l -  
l a t i o n s ,  emergency s h e l t e r s ,  h o s p i t a l s ,  e t c .  The 
f u e l  r a t e  is  approximately 11 c u b i c  f e e t  of g a s  p e r  
ton/hour when c o n s i d e r i n g  t h e  annua l  o p e r a t i n g  e f f i c -  
i e n c y  of t h e  nystem. The s p e c i f i c  f u e l  c o n s u m p t i ~ n  
of t h e  two-stage p a r a l l e l  f low a b s o r p t i o n  c h i l l e r  
a c t u a l l y  improves a s  load  drops  from 100%. The 
average f u e l  consumption i s  f o r  a l l  p r a c t i c a l  pur- 
poses constanls from 100% load  down t o  20% load I5 
t o  1 turndown'). 
The n e x t  most prominent h e a t  i n p u t  f o r  t h e  two- 
s t a g e  p a r a l l e l  f low c h i l l e r  i s  h o t  exhaus t  gas .  It 
i u  r e f e r r e d  to a s  t h e  cogenera t ion  model. This  con- 
f i g u r a t i o n  u t l l i z e s  ho t  g a s  from a gas  t u r b i n e ,  
i n t e r n a l  combustion engines ,  o r  p r o c e s s  f low t o  
provide t h e  e l e r g y  t o  t h e  f i r s t  s t a g e  g e n e r a t o r .  
There a r e  a  n m b e r  of i n s t a l l a t i o n s  c u r r e n t l y  opera- 
t i n g  i n  South,zrn C a l i f o r n i a  where t h e  exhaus t  from 
gas  t u r b i n e s  is be ing  taken  d i r e c t l y  i n t o  t h e  two- 
s t a g e  p a r a l l e l  f low c h i l l e r .  I n  such  c a s e s  t h e  
o v e r a l l  r e c o v e r a b l e  h e a t  from t h e  system i s  approx- 
imate ly  40% g r e a t e r  than  i s  a c c e s s i b l e  from t h e  use of 
t h e  o l d  s i n g l e  s t a g e  c h i l l e r  u s i n g  low p r e s s u r e  steam 
from a h e a t  recovery  b o i l e r .  
Steam a t  approximately 115 p s i g  can a l s o  b e  used 
i n  t h e s e  two-stage p a r a l l e l  f low c h i l l e r s .  The 
s tandard  steam c h i l l e r  h a s  a h e a t  i n p u t  of 10.56# 
per  Ton-Hour (115 p s i g ) .  There i s  a high e f f i c i e n c y  
steam model a v a i l a b l e  t h a t  has  a  h e a t  r a t e  of  9.9# 
p e r  Ton-Hour (COP = 1.21). 
Hot wate r ,  the rmal  f l u i d s ,  and o t h e r  h e a t  
s o u r c e s  can  a l s o  be  cons idered  a s  prime energy i n p u t  
f o r  s p e c f f f c a l l y  designed c h i l l e r s .  
A s i g n i f i c a n t  d e s i g n  f e a t u r e  of t h e  twc-stage 
p a r a l l e l  flow c h i l l e r  i s  t h a t  i t  can a l s o  be a  
h e a t e r .  The h o t  r e f r i g e r a n t  g a s  coming o f f  o f  t h e  
f i r s t  s t a g e  g e n e r a t o r  can be  passed i n t o  a  s h e l l  and 
tube condenser r a t h e r  t h a n  having i t  a l l  go i n t o  t h e  
absorber  s h e l l .  I f  system wate r  is  passed through 
t h e  condenser, h e a t  w i l l  be  absorbed t o  condenser 
r e f r i g e r a n t  which w i l l  then  f low d i r e c t l y  back i n t o  
t h e  f i r s t  s t a g e  genera tor .  It i s  p o s s i b l e  t o  gener- 
a t e  h o t  wate r  f o r  space  h e a t i n g  and/or  domest ic  h o t  
wate r  a t  t empera tures  from 140 t o  a s  h igh  a s  175 
degrees F. The produc t ion  of h o t  wate r  can  be  made 
a v a i l a b l e  e i a u l t a n e o u s l y  w i t h  t h e  produc t ion  o f  
c h i l l e d  water  f o r  e i r  condi t ion ing .  When t h e  
c h i l l e r / h e a t e r  is  producing a  minimum of  35% of i t s  
r e f r i g e r a t i o n  c a p a c i t y ,  i t  can  s imul taneous ly  pro- 
duce a s  much a s  45% of  i t s  h e a t i n g  c a p a c i t y .  A s  
c o o l i n g  requi rements  i n c r e a s e ,  t h e  a v a i l a b l e  h e a t i n g  
produc t ion  d e c r e a s e s  p r o p o r t i o n a t e l y .  When no re- 
f r i g e r a t i o n  1s needed, t h e  complete f u e l  i n p u t  of 
t h e  c h i l l e r / t , e a t e r  can  be  e x t r a c t e d  a s  h o t  water  a t  
an e f f i c i e n c y  of  81%. T h i s  compares q u i t e  favorab ly  
t o  any commercially a v a i l a b l e  b o i l e r  o r  h o t  wate r  
genera tor .  
The c o m r e n t i o n a l  s i n g l e  s t a g e  and two-stage 
s e r i e s  f low a b s o r p t i o n  c h i l l e r s  a r e  s i z e d  f o r  con- 
denser  water  i n l e t  a t  85 degrees  F. I f ,  indeed ,  t h e  
condenser water  e n t e r i n g  temperature i n c r e a s e s ,  then 
e i t h e r  t h e  c a p a c i t y  of t h e  c h i l l e r  must be  decreased 
o r  s u b s t a n t i e d  mechanical  damage could  ensue. The 
two-stage p a r a l l e l  f low c h i l l e r  on t h e  o t h e r  hand, 
is designed t o  o p e r a t e  on condenser wate r  running a s  
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high a s  92 degrees  F. e n t e r i n g .  Although t h e  de- 
s i g n  po in t  i s  a t  85 degrees  F.,  condenser wate r  a t  
92 degrees F. w i l l  no t  r e q u i r e  d e r a t i n g  of  t h e  
machine. I t  w i l l  n e c e s s i t a t e  a  somewhat h igher  
s p e c i f i c  f u e l  i n p u t ,  b u t  t h e  f u l l  c a p a c i t y  of t h e  
machine is s t i l l  a v a i l a b l e  a t  a  t i m e  when i t  i s  
needed t h e  most. Also, t o  e f f e c t  g r e a t e r  s a v i n g s ,  
t h e  two-stage p a r a l l e l  flow c h i l l e r  can be opera ted  
wi th  condenser wate r  temperatures  rang ing  down t o  
69 degrees F. I f  you c o n s i d e r  t h a t  every  one 
degree reduc t ion  i n  condenser wate r  temperature 
below t h e  r a t e d  85 degrees F. r e s u l t s  i n  a  1% 
e f f i c i e n c y  i n c r e a s e ,  then s u b s t a n t i a l  s a v i n g s  can 
be gained by us ing  a  condenser w a t e r  r e s e t  program 
t o  opt imize e f f i c i e n c y .  
The two-stage p a r a l l e l  flow c h i l l e r / h e a t e r  
l e n d s  i t s e l f  t o  t h e  i n c o r p o r a t i o n  of  energy  manage- 
ment c o n t r o l  s t r a t e g i e s .  A s  mentioned above, t h e  
condenser wate r  temperature can be  r e s e t  from t h e  
design of  85 degrees  F. up a s  high a s  92 degrees  F. 
o r  down a s  low a s  69 degrees  F. A s  t h e  c o o l e r  con- 
denser  wate r  i s  a v a i l a b l e ,  i t s  use w i l l  enhance t h e  
energy e f f i c i e n c y  of t h e  c h i l l e r .  The c h i l l e d  w a t e r  
can a l s o  be r e s e t  from t h e  d e s i g n  p o i n t  of  44 
degrees F. up t o  approximately 55 degrees  Fa with- 
o u t  caus ing  any damage whatsoever  t o  t h e  o p e r a t i o n  
of the  c h i l l e r / h e a t e r .  The e f f i c i e n c i e s  w i l l  in- 
c r e a s e  a t  a  r a t e  of approximately 1 t o  ly% p e r  
degree i n c r e a s e  1.n c h i l l e d  wate r  temperature out- 
pu t .  Whether us ing  d i r e c t  f i r e d ,  steam. was te  gas.  
e t c . ,  t h e  i n p u t  control .mechanism can be modulated 
by the  energy management d i r e c t  d i g i t a l  c o n t r o l  
c a p a b i l i t y  t o  provide i n f i n i t e  p o s i t i o n i n g  f o r  
optimum energy e f f i c i e n c y .  
Although the s tandard  condenser water  f low r a t e  
is p r e d i c a t e d  on a  10 degree  D e l t a  T  temperature 
d i f f e r e n t i a l  (85 degrees  F. i n  - 95 degrees  F. o u t ) ,  
an 85 degrees F. t o  100 degrees  F. condenser  i s  
a v a i l a b l e .  The use  of  t h i s  expanded condenser r a c e  
reduces pumping horsepower a s  w e l l  a s  p i p i n g  s i z e  
by approximately 30%. Other  s p e c i a l  conftgura-  
..,--.. c-- 
. p a r t i c u l a r  c o n d e n e r  c o n d i t i o n s  a r e  a l s o  
t o  h e l p  opt imize t h e  e f f i c i e n c y  of  t h e  
p a r a l l e l  flow c h i l l e r .  
two-stage p a r a l l e l  flow c h i l l e r j h e a t e r  is  
) a c t  i n  s i z e ,  u s u a l l y  f i t t i n g  t h e  same foot-  
a  s i m i l a r  c a p a c i t y  s i n g l e  s t a g e  a b s o r p t i o n  
The u n i t  is completely assembled a t  t h e  
md t e s t e d  t o  t h e  s p e c i f i c  des ign  c o n d i t i o n s  
i. The u n i t  i s  then shipped a s  one assembly 
~ b s i t e  where i t  is r igged  and mounted with- 
of disassembly and p o s s i b l e  i n t r u s i o n  of 
-ontaminants. 
CION 
f i r s t  i n s t a l l a t i o n  o f  a  two-stage p a r a l l e l  
L le r /hea te r  i n  t h e  United S t a t e s  was i n  
C i t y  a t  an apartment b u i l d i n g  a t  111 F i f t h  
I Manhattan. T h i s  u n i t  Is r a t e d  a t  500 
provide8 a l l  of  t h e  h e a t i n g  and a i r  condi- 
Eor t h e  e n t i r e  13- f loor  b u i l d i n g  (140,000 
, The f u e l  c o s t  f o r  o p e r a t i n g  the  b a i l e r  
n d r i v e n  c e n t r i f u g a l  c h i l l e r s  f o r  1979 was 
, This  compares t o  t h e  s i m i l a r  per iod  f o r  
~g  t h e  two-stage p a r a l l e l  flow c h i l l e r /  
E $94.238. The n e t  s a v i n g s  was approxi-  
j%. However when c o r r e c t e d  f o r  degree  day 
; i a l ,  t h e  a c t u a l  s a v i n g s  was i n  excess  of 
64%. This  u n i t  went on l i n e  i n  December of 1979 
and h a s  been o p e r a t i n g  s a t i s f a c t o r i l y  s i n c e .  
B. Home F e d e r a l  Savings and Loan A s s o c i a t i o n  of 
San Diego, C a l i f o r n i a  i n s t a l l e d  two 500-ton coEcn- 
e r a t i o n  c h i l l e r / h e a t e r s  a s  p a r t  of t h e  cogener :~ t ion  
p l a n t  i n  t h e  191,000 sq. f t .  s e r v i c e  c e n t e r .  The 
complex was completed i n  1982 and has  s u c c e s s f u l l y  
provided a l l  of t h e  e l e c t r i c i t y ,  h e a t i n g  and a i r  
c o n d i t i o n i n g  f o r  t h e  f a c i l i t y  s i n c e  t h a t  time. The 
two-stage c h i l l e r l h e a t e r s  t a k e  h o t  exhaus t  g a s  
d i r e c t l y  from t h e  800 KW t u r b i n e  g e n e r a t o r s  and 
conver t  i t  i n t o  c h i l l e d  w a t e r  o r  h o t  wate r .  
C. In  June of 1983, S t .  J o h n ' s  H o s p i t a l  i n  Queens. 
New York s t a r t e d  two 400-ton two-stage p a r a l l e l  
flow c h i l l e r / h e a t c r s .  These two u n i t s  supply a 1 1  of  
t h e  h e a t i n g  and a i r  c o n d i t i o n i n g  f o r  t h e  332 head 
f a c i l i t y .  The o r i g i n a l  c a l c u l a t i o n s  by t h e  eng ineer  
i n d i c a t e d  a  s a v i n g s  i n  e x c e s s  of $20,000 p e r  y e a r  
as compared t o  a  convent iona l  e l e c t r i c  c e n t r i f u g a l  
system. Also,  t h e r e  was a  problem w i t h  space  and 
because of  t h e  compactness and l i g h t  weight  of  t h e  
two-stage p a r a l l e l  f low c h i l l e r / h e a t e r s ,  they were 
a b l e  t o  be  mounted on t h e  roof  of  t h e  b u i l d i n g .  
T h i s  e l i m i n a t e d  t h e  n e c e s s i t y  of a  c o s t l y  basement 
b o i l e r  room i n s t a l l a t i o n .  
D. Also i n  June  of 1983. t h e  World Headquarters  
f o r  t h e  Assembly of God i n  S p r i n g f i e l d ,  Missour i  
wanted t o  e l i m i n a t e  e x c e s s i v e  c o s t  involved  i n  t h e  
o p e r a t i o n  of  t h e i r  o l d  s i n g l e  s t a g e  a b s o r p t i o n  
c h i l l e r .  They purchased and i n s t a l l e d  a  600-ton 
two-stage p a r a l l e l  f low c h i l l e r  and have r e p o r t e d  
s a v i n g s  i n  excess  of 55% over  t h e i r  o r i g i n a l  b o i l e r  
a b s o r b e r  se tup .  
Other  c h i l l e r / h e a t e r s  of t h e  same t y p e  have 
been i n s t a l l e d  i n  t h e  White 6 Kirk Bui ld ing  i n  
Amari l lo .  Texas; Peps ico  World Headquarters ,  
Purchase,  New York; IBM, Valha la ,  New York; New 
York Telephone Company, New York, N.Y.;  and many 
o t h e r s .  
Perhaps t h e  most s i g n i f i c a n t  i n s t a l l a t i o n  of  
t h e s e  u n i t s  i s  f o r  t h e  P a c i f i c  Telephone Company i n  
San Diego, C a l i f o r n i a .  P a c i f i c  Telephone i n s t a l l e d  
a  cogenera t ion  system f o r  t h e i r  computer c e n t e r  
which inc luded  t h r e e  2100 KW g a s  t u r b i n e s  and two 
1800 KW steam t u r b i n e s  which opera ted  from exhaus t  
h e a t  b o i l e r s .  They a l s o  i n s t a l l e d  t h r e e  450 ton  
was te  h e a t  two-stage p a r a l l e l  f low c h i l l e r s  t o  
o p e r a t e  from t h e  t u r b i n e  e x h a u s t  and t h r e e  d i r e c t  
f i r e d  450 t o n  c h i l l e r j h e a t e r s  o p e r a t i n g  on n a t u r a l  
gas .  The e n t i r e  system h a s  been on- l ine  s i n c e  
December of  1982 and h a s  func t ioned  t o  t h e  complete 
s a t i s f a c t i o n  of t h e  Telephone Company and i t s  
des ign  engineers .  P l a n s  a r e  now i n  d e s i g n  t o  use 
t h i s  i n s t a l l a t i o n  a s  a gu ide  f o r  o t h e r  computer 
power c e n t e r s .  
CONCLUSION 
The v i a b i l i t y  of a b s o r p t i o n  c o o l i n g  was 
thought  t o  b e  dead i n  t h i s  o i l  and gas  r i c h  r e g i o n  
of t h e  Southwest e x c e p t  f o r  Lhose few a r e a s  where 
wasLe steam was a v a i l a b l e  from some i n d u s t r i a l  
p rocess .  However, w i t h  t h e  a v a i l a b i l i t y  of t h e  
two-stage p a r a l l e l  f low c h i l l e r / h e a t e r  e i t h e r  di- 
r e c t f i r e d  w i t h  n a t u r a l  g a s  o r  us ing  steam from 
p r o c e s s  b o i l e r s ,  t h e  economics of  a i r  c o n d i t i o n i n g  
aga in  f a v o r  a b s o r p t i o n .  There i s  indeed a n  
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.ric air conditioning cost 
Ise of imagination and the 
the second law of thermo- 
I reap handsome dividends in 
I economic as well as energy 
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Figure: Schematic diagram of a two-stage parallel Elow absorption 
chiller showing various zones of interest 
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